












RESERVOIR CHARACTERIZATION AND PETROLEUM POTENTIAL OF THE UPPER 
CRETACEOUS WALL CREEK MEMBER OF THE FRONTIER FORMATION,     










Joseph T. Dellenbach 
 ii 
A thesis submitted to the Faculty and the Board of Trustees of the Colorado School of Mines in partial 







Date: ________________________                                               
 












Dr. Stephen Enders 
Professor and Department Head 






Upper Cretaceous Frontier Formation sandstone deposits in the Western Powder River 
Basin of Wyoming have proven to be prolific hydrocarbon producers, and show great potential 
for further exploration and development. The Frontier Formation is composed of tight sandstones 
(low permeability and porosity) with the upper Wall Creek Member serving as the main 
petroleum target.  
The Frontier Formation is commonly interpreted as a progradational clastic delta system 
resulting from the Sevier Orogeny in Cenomanian to Turonian time spreading over a large area 
of the present day Powder River Basin. Sediments were eroded from the Sevier Highlands and 
transported eastward into the Western Interior Cretaceous Basin.  
 The aim of this research is to interpret facies, depositional environments, diagenetic 
processes, and to identify potential reservoir facies in the upper Wall Creek Member. Five 
upward coarsening sandstone packages were identified in the Wall Creek Member using core 
analysis and various well logs in the study area.  
 Core analysis suggests the sediments of the Wall Creek Member were deposited in 
shallow marine delta front environments. Petrographic analysis indicates that early chlorite 
coating of silica grains prevented quartz overgrowth and preserved some of the initial porosity. 
Late dissolution of calcite cementation created secondary porosity in the Wall Creek sandstones. 
These two diagenetic features enhance porosity and permeability and allow hydrocarbons to 
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The Upper Cretaceous Frontier Formation of the Powder River Basin (PRB) is composed 
of fine-grained sandstones and shales, including bioturbated and laminated sections, as well as 
bentonite (Anna, 2009). The PRB is bounded by multiple structural features with an 
asymmetrical anticline present west of the study area (Casper Arch) (Figure 1.1). The basin is 
located in northeastern Wyoming and extends into southeastern Montana (Figure 1.2). The 
Frontier Formation consists of two different members: the upper Wall Creek Member and the 
lower Belle Fourche Member. These sediments are commonly interpreted as a distal clastic 
wedge prograding towards the east away from the Sevier Orogenic belt. The formation underlies 
the Carlile Shale and overlies the Mowry Shale (Figure 1.3). The Carlile Shale serves as the top 
seal rock locally where it caps the upper Wall Creek Member. The underlying Mowry Shale is 
suggested to serve as a source rock for the petroleum system with some possible source rock 
potential from the Niobrara Formation. The Frontier Formation represents the lower part of the 
Niobrara Total Petroleum System (NTPS) (Anna, 2009).  
 The upper Wall Creek Member of the Frontier Formation has been the main target for 
hydrocarbon exploration, it can reach thicknesses of up to 400 feet in Converse County (Anna, 
2009). The Wall Creek Member is composed of multiple flooding surfaces resulting in multiple 
upward coarsening sand bodies. The upper parts of the upward coarsening successions have 
served as the main reservoir targets in the study area, where coarse-grained sediments hold 

























Figure 1.1  Map of the Powder River Basin and its surrounding structural features. The study 









Figure 1.2  Map outline of the Powder River Basin in blue with the Frontier Assessment Unit 
(AU) outlined in red. The red box represents the study area for this research. Modified from 
Anna (2009).  
 
  






Figure 1.3 Stratigraphic section of Upper Cretaceous sediments including the Frontier 
Formation in the Western Powder River Basin The red box represents the Frontier Formation 
including the upper Wall Creek Member used for this research. The green dots represent 
reservoir units within the system. The small red square in the Niobrara represents the source of 
the Niobrara Total Petroleum System. The Mowry Shale is also a source for the Frontier 





1.2 Study Objectives and Purpose 
The objective of this research is to perform geological reservoir characterization and 
evaluate the hydrocarbon production potential of the upper Wall Creek Member of the Frontier 
Formation within northwest Converse County, Wyoming (Figure 1.2).  
 This study includes core descriptions, petrographic thin section analysis, X-ray 
diffraction (XRD) data, scanning electron microscope (SEM) data analysis, and log analysis. 
These research components help develop a lithological and stratigraphic framework of the area 
in order to better understand the petroleum potential and petroleum system present.  
The Frontier Formation has proven to be a prolific hydrocarbon producer and continues 
to show production improvements with technological advancements. The price of oil also 
influences the interest of hydrocarbon exploration, and with higher prices and advancing 
technology, the Frontier production numbers will continue to grow.  
 Within the United States Geological Survey Assessment Unit (USGS AU) boundary, the 
IHS Group (2006) stated that the Frontier Formation has produced approximately 74 MMBO and 
289 BCFG from 13 different oil fields. New fields may be discovered with average estimates of 
undiscovered resources of 10.2 MMBO and 40.5 BCFG (Anna, 2009). 
1.3 Research Methods 
 Twenty different cores of the Frontier Formation are stored at the United States 
Geological Survey Core Research Center (USGS CRC), they are available from the study area. 
Six cores were chosen based on the distribution across the study area to gain an understanding of 
depositional environments, facies distribution, and the lateral extent of those facies. Detailed 
core descriptions from the six cores help to better understand the lithology, stratigraphic 
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framework, and depositional environment of the Wall Creek Member. Identifying facies, key 
surfaces, and key fabrics in the cores help to determine the petroleum potential and define the 
petroleum system present.  
 Thin section analysis from the described core will provide a more detailed description of 
different facies, lithologies, and diagenetic history present in the formation. Porosity values and 
diagenetic features can also be identified from the petrographic thin sections taken from cores in 
the area.  
 SEM photographs provide a better understanding at a pore scale of the stratigraphic, 
petrographic, and structural framework. Fractures, textures, and diagenesis at this scale can also 
be very helpful in identifying potential reservoir targets.  
1.4 Study Area 
The study area is composed of eight different townships (T40N R76W, T39N R76W, 
T38N R76W, T37N R76W, T40N R75W, T39N R75W, T38N R75W, and T37N R75W). These 
townships are located in northwest Converse County along the basin axis. There are many 
different fields within the study area that have produced from the Frontier Formation. These 
fields include Finley Draw, Spearhead Ranch Field, Snake Charmer Draw, Sand Dunes Field and 
Powell Field. The cores used in this study are located in 40N 75W, 40N 76W, 39N 76W, 38N 









Figure 1.4 Map of the study area including the 8 townships. The yellow areas represent the 








 Slabbed cores, core photos, core analysis, and thin sections were incorporated in this 
study and are available for analysis at the USGS Core Research Center. A suite of 61 well logs 
were evaluated in PETRA software in order to create a variety of maps to aid in the assessment 
the potential of the Wall Creek. Core descriptions were completed on the six cores with 
observations including sedimentary structures, key stratigraphic surfaces, ichnofauna, 
bioturbation, oil staining, lithology, and grain size. Core descriptions were then digitized using 
EasyCore Software in order to provide a better visual for each core.  
From the six cores used for this study a total of 160 thin sections are available to use from 
the USGS CRC. All of the thin sections were observed in order to make interpretations of 
minerology, diagenesis and depositional processes. Diagenesis plays a large role in the system 
including grain and cement dissolution, grain coating, cementation, destruction of initial 
porosity, and the creation of secondary porosity. 
The 23-14 JT Federal and the 32-36 Blue Hills State wells included X-ray diffraction 
(XRD) data. The XRD data covers five of the nine facies interpreted from the core analysis. Core 
analysis from these two wells also included data of porosity, permeability, grain density, and 
water saturation.  
 A total of sixty-one wells within the study area include raster logs, which are all used to 
correlate formation tops and create a variety of maps and thickness trends. The primary logs 







2.1 Regional Geology 
The Western Interior Cretaceous Basin (WICB) extended over 3,000 miles in a north-
south direction from modern day Canada to the Gulf of Mexico, and over 1,000 miles in an east-
west direction from modern day Utah and Nevada to Minnesota and Iowa (Kauffman, 1985). 
Between late Jurassic and Cretaceous time the WICB evolved into a complex foreland basin 
system as a result of oceanic plate subduction of the Farallon Plate along the western margin of 
North America (Kauffman, 1985). The basin was flooded by Cretaceous epicontinental seas that 
inundated the area during Barremian-Aptian time (Kauffman, 1985). 
The PRB is located in northeastern Wyoming and southeastern Montana. Ayers (1986) 
suggests that the PRB originated as a depositional foreland basin in the earliest middle 
Paleocene. The Upper Cretaceous Frontier Formation of the Western PRB is composed primarily 
of tight sandstones with interbedded siltstones, shales, mudstone and bentonites that are marked 
by erosional surfaces that truncate upward-coarsening parasequences (Hutsky, 2011). Deposition 
occurred in the forebulge and backbulge areas of the foreland basin system (Figure 2.1) 
(DeCelles and Giles, 2004). The formation sits stratigraphically between the Mowry Shale and 
the Carlile Shale with the base marked by the Clay Spur Bentonite Bed (Anna, 2009). Kauffman 
(1985) defined first through fourth order sea-level cycles during the deposition of the Frontier 
Formation. These cycles range in years from 1st order cycles (~90-100 m.y.), to 2nd order (~30-40 
m.y.), 3rd order (~9-10 m.y.), and 4th order (~1-3 m.y.). 
10 
 
 Western Frontier Formation deposits, proximal to the Sevier Orogenic Front, have been 
interpreted as fluvial sandstone to conglomerate deposits that cut locally into marine shoreface 
deposits (Hamlin, 1996). Frontier Formation sediments farther eastward into the basin have been 
interpreted as shallow marine deposits (Bhattacharya and Willis, 2001).  
Figure 2.1 Schematic of a foreland basin system with deposition of the Frontier Formation 
occurring in the forebulge and backbulge of the system. From DeCelles and Giles (2004). 
 
2.2 Structural Setting 
 The Sevier Orogeny took place 50-120 Ma, and created a magmatic arc in present day 
Nevada and Idaho. The WICB formed east of the orogenic belt. The Frontier sediments 
deposited during Turonian age (89.9-93.9 Ma) were derived primarily from the fold and thrust 
belt to the west of the PRB.  
 The present day PRB formed during the Laramide Orogeny (35-75 Ma) and is bounded 
by the Bighorn Mountains (west), the Casper Arch (southwest), the Laramie Range (south), the 
Hartville Uplift (southeast), and the Black Hills Uplift (east). The basin (Figure 1.1) is 
asymmetric exhibits steep dips along its western boundary, but there is a more gentle dip on the 
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basins eastern margin (Figure 2.2). The basin axis sits towards the western side of the basin, 
trending in a northwest-southeast direction. A series of structural northwest-southeast and 
northeast-southwest lineaments have been documented in the PRB. The northwest-southeast 
lineaments are the primary structural features, while the northeast-southwest lineaments are 
represented as secondary structural features (Figure 2.3). The lineaments present are associated 
with Precambrian basement faults, and subdivide the basin into several rectangular blocks (Marrs 
et al., 1984). 
 
Figure 2.2 Powder River Basin schematic from west to east. From Anna (2009). 
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Figure 2.3 Structural lineaments in the Powder River Basin along with oil and gas fields 
present. BC (Bell Creek), SR (Springen Ranch), RZ (Rozet), SCC (South Coyote Creek), GB 
(Gose Butte), FC (Fiddler Creek), and CT (Clareton Trend), PB (Parkman-Baker), BHC 
(Bighorn Custer), BD (Buffalo Douglas), BB (Black Butte), and LC (Lightning Creek) are the 
lineaments displayed. Modified from Martinsen (2003). The study area is outlined in red. 
 
2.3 Stratigraphy  
 The Frontier Formation sits directly above the Mowry Shale at the erosional contact. The 
Mowry Shale has been suggested as the main source of hydrocarbons for the Frontier Formation. 
The Mowry Shale’s thickness within northwest Converse County can range from 150 feet to 200 
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feet. The organic matter is dominated by type II kerogen, and a presence some type III kerogen 
suggesting a dominance of a marine influence. The average TOC weight percentage across the 
PRB for the Mowry Shale is ~3% (Modica and Lapierre, 2012).  Lithologies within the shale 
consist of organic shales, siliceous siltstones and silty sandstones (Anna, 2009). 
 An unconformity separates the Wall Creek Member and the underlying Emigrant Gap 
Member. The Wall Creek Member onlaps onto the Emigrant Gap Member towards the west. The 
western side of the basin consists of the Wall Creek Member and Belle Fourche Member only 
(Figure 1.3).  
The lower Belle Fourche Member of the Frontier Formation underlies the unconformity 
below the upper Wall Creek Member. The unconformity has been observed as a regressive 
surface of erosion (RSE) separating the two members. Belle Fourche thicknesses can range from 
250-400 feet in the western side of the basin. Several bentonite beds within the member make it 
possible to correlate well logs and formation tops across a given area, where the Clay Spur 
Bentonite represents the base of the member.  
The upper Frontier consists of the Wall Creek and Emigrant Gap Members in the PRB 
(Figure 2.4). The upper Wall Creek Member overlies the Emigrant Gap Member, which in turn 
overlies the lower Belle Fourche Member. The Wall Creek Member consists of various 
coarsening-upward sequences resulting in multiple sand packages. Historically, the Wall Creek 
has been the main conventional hydrocarbon target of the formation. The best reservoirs within 
the Wall Creek member have been observed at the top of upward coarsening parasequences in 
the coarsest-grained sands. Thicknesses are around 140 feet have been observed from the well 
logs used in the study area.   
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The Carlile Shale sits directly above the upper Wall Creek Member of the Frontier 
Formation (Figure 1.3). This shale is suggested to serve as the seal to the Frontier Formation. 
Thickness of the shale ranges from 240-340 feet and is composed of calcareous grey shale and 
siltstone (Haun, 1958).   
2.4 Formation Equivalents 
 Several chronostratigraphic formation equivalents exist to the north, east, and south of the 
study area. Merewether et al. (2007) suggests the upper Wall Creek Member is equivalent to the 
upper Turner Sandstone Member of the Carlile Shale in the eastern side of the basin. In 
southeastern Colorado the Juana Lopez is represented as the equivalent sand body, while in 
northeast Colorado and Kansas the Codell Sandstone represents the Wall Creek equivalent. The 
Blue Hill Shale located in northeast Nebraska and southeast South Dakota is also suggested as an 
equivalent chronostratigraphic zone to the Wall Creek (Figure 2.4).  
The lower Pool Creek Member of the Carlile Shale in northeastern Wyoming is 
equivalent to the Emigrant Gap Member of the Frontier Formation. In southeast Colorado, 
northeastern New Mexico, central Kansas, southeastern South Dakota, and northeastern 
Nebraska, the equivalent formations to the Emigrant Gap are the Codell Sandstone, Blue Hill 
Shale, and Fairport Chalky Shale.  
The lower Belle Fourche Member equivalent member in northeastern Wyoming is the 
upper Greenhorn Member of the Greenhorn Formation. In southeastern Colorado, northeastern 
New Mexico, southeastern South Dakota, and northeastern Nebraska, the upper Bridge Creek 
Limestone Member of the Greenhorn Formation is representative of the Belle Fourche Member. 
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The Pfeifer Shale in central Kansas is also equivalent to the lower Belle Fourche Member of the 
Frontier Formation in central Wyoming.  
Figure 2.4 Regional chronostratigraphic relationships including Wyoming, Colorado, New 
Mexico, Kansas, South Dakota, and Nebraska. Age equivalents for Frontier Formation include 
the Turner, Pool Creek, Juana Lopez, Codell Sandstone, Blue Hill Shale, and Fairport Chalky 
Shale Members of the Carlile Shale. The Greenhorn, Bridge Creek Limestone, and the Pfiefer 
Shale Members of the Greenhorn Formation. From Merewether et al. (2007).  
 
2.5 Petroleum System 
 The Frontier Formation is a part of a favorable petroleum system that has historically 
produced oil and gas in economic quantities. The underlying Mowry Shale serves as a prolific 
source rock for the Frontier Formation. The overlying Carlile Shale serves as the stratigraphic 
seal to the upper Wall Creek Member. Structural and stratigraphic trapping mechanisms are both 
present in this petroleum system occurring from late Cretaceous to early Tertiary time (Figure 
2.5), but the study area is dominated by stratigraphic trapping mechanisms. Hydrocarbon 
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generation and migration occurred during the Oligocene and Miocene and continue into the 
Quaternary (Figure 2.5, Anna 2009). The upper Wall Creek Member of the Frontier Formation 
has had prolific historic production and will continue to be an exploration target for many years 
to come.  
Other producing intervals in the PRB that stratigraphically lie above the Frontier 
Formation include: The Teapot Sandstone, Parkman Sandstone, Sussex Sandstone, Shannon 
Sandstone, and the Cody Shale. Producers underlying the Frontier Formation include the Mowry 
Shale, and the Muddy Sandstone.  
Figure 2.5 Frontier Formation petroleum system diagram representing the timing of the 
petroleum system components. Modified from Anna (2009).  
 
2.6 Previous Work  
 Many different interpretations of depositional environments of the Frontier Formation 




Formation is constructed of top-truncated lowstand delta systems (Bergman, 1994; Bhattacharya 
and Willis, 2001; Sadeque et al., 2009; Rhodes, 2015). Merewether et al. (1979) interpreted that 
the Upper Cretaceous rocks in the basin accumulated in water depths less than 120 feet. They 
stated that the sand was transported southward by tidal currents, offshore currents, and waves. 
Prograding lobes were eroded during lowstands and transported farther eastward into the basin. 
Merewether et al. (1979) concluded that these sediments represent a coarsening upward trend 
with thicker sediments deposited during regressive cycles proximal to western source. 
Merewether et al. (1979) also notes that the progradational rates were much larger than rates of 
aggradation. The lateral deposition of the formation was driven mainly because of regressive 
periods. The unconformities in the rocks of Turonian and Coniacian age represent events within 
a span of 2 million years.  
Weimer (1985) studied the Frontier Formation in Spearhead Ranch Field located in the 
southwestern PRB. Weimer (1985) concluded that the sands of the Frontier Formation represent 
the most important petroleum reservoirs in the Cretaceous system. He interprets that the sands 
present were deposited in fluvial-deltaic, shoreline and marine environments, and that the most 
production in the area comes from shelf sandstone facies. The producing sands in Spearhead 
Ranch Field range from one to two miles wide, and are ten miles in length, while reaching up to 
six feet in thickness. The reworking of these sands were interpreted to occur during a 
transgressive event over the Cretaceous shelf similar to the deposition of sand bars during a 
transgression.  
Khandaker (1991) studied the Upper Cretaceous Frontier Formation and its tectono-
sedimentologic significance in the PRB. This research was focused on paleo-environmental, 
provenance and tectonic interpretations of the Frontier Formation. Khandaker (1991) also 
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examined several bentonite beds in the basin. He used his correlations of the bentonite beds to 
interpret paleo-structural highs and lows associated with bentonite thickness changes and lateral 
variability. Their presence have a stratigraphic and tectonic significance, but the lateral 
variability make it difficult to correlate long distances. This suggests that the basin was 
tectonically active during deposition of the bentonite beds within the lower Belle Fourche 
Member. 
  Lee et al. (2005) recorded a ground-penetrating radar (GPR) survey in the Wall Creek 
Member at Murphy Creek in order to map geometric details of deposits and estimate the volumes 
of the prograding bar deposits off the delta lobes. From these surveys, three different flood-
induced cycles within the Frontier Formation were interpreted with each including two different 
phases of high and low sedimentation rates. From GPR lines, south dipping foreset beds were 
identified and interpreted as delta front clinoforms. The dip of the clinoforms indicates southern 
paleocurrent directions. The Wall Creek Member consists of distinct upward coarsening 
sequences separated by prodelta mudstones.  
 Gani and Bhattacharya (2007) studied the delta building process and facies associations 
of the Wall Creek Member. They identified seven different major sandstones within the Wall 
Creek Member that were deposited in a shallow marine environment under cyclic transgressions 
and regressions. Previous interpretations of the sandstones (Winn, 1991) concluded that the 
Frontier sediments were wave-dominated shoreface deposits. However, further studies by Gani 
and Bhattacharya (2007) led to the interpretation that these sandstones were a result of a 




Other previous interpretations have included offshore bar deposits, shelf sand ridges, and 
others (Sadeque et al. 2009). Sadeque et al. (2009) interpreted seven different progradational 
sequences in the Wall Creek Member that are top truncated by a mixed deltaic system. Four 
different facies associations were interpreted to have an influence on deposition. River-
dominated deltaic deposits, wave and storm-influenced deposits, tidally-influenced deposits, and 
marine transgression related deposits. There were five coarsening upward parasequences 
identified representing five separate delta lobes. The delta lobes represent a prograding system 
that prograded towards the southeast. It was also noted that ichnology has been very useful when 
making interpretations about depositional environments. Different ichnofauna thrive in different 
environments making it a useful tool to aid the interpretations of deposition for different facies.  
The Frontier Formation has been studied for years in the PRB, but this study may help 
better understand the petroleum potential within the area of interest. Further core analysis and 
petrographic analysis aid in identifying reservoir units within the Wall Creek Member of the 
Frontier Formation. Identifying multiple facies from core analysis, and developing a diagenetic 
history from thin section analysis and FE-SEM analysis have been incorporated into this study. 
Isopach, porosity and resistivity maps of interpreted target reservoir facies have been generated 
from well logs in order to locate potential hydrocarbon targets. 
2.7 History of Area 
 The study area contains five separate producing fields including Powell Field, Finley 
Draw, Sand Dunes Field, Snake Charmer Draw, and Spearhead Ranch Field (Figure 1.4). This 




Spearhead Ranch Field represents the largest field within the study area (T37N R75W, 
T38N R75 W, T39N R75W, and T40N R75W). The field is located just eastward of the synclinal 
basin axis giving the field a slight dip to the southwest. Spearhead Ranch Field first saw 
production in May, 1973, when the first well was drilled near 12,583 feet, resulting in a ‘blow 
out’ due to high formation pressures in the Wall Creek Member (Tillman and Almon, 1979). 
Initial production of wells targeting the Wall Creek Member averaged 1000 barrels of oil per day 
(BOPD) and 2 million cubic feet of gas per day (MMCFGPD). Drilling multiple wells was 
difficult due to the economics of the time and great depths required to reach with the technology 
used at the time. Tillman and Almon (1979) concluded that the field is defined by a stratigraphic 
trap, with producing sand lenses in the upper Wall Creek Member. The uppermost sand lense in 
the Wall Creek is capped in an updip direction by the Carlile Shale. Core D714 is located in the 
southwestern part of the field and is used in this study. 
Powell Field was discovered in 1975 by Woods Petroleum Company. The field is located 
about six miles north of Spearhead Ranch Field, and reaches into the northeastern part of the 
study area (T40N R75W). The field is also about 6 miles to the east of the synclinal basin axis 
with southwestern bedding dips. On February 7, 1975, a gas kick was recorded after penetrating 
the Frontier Sandstone. The porosity of Powell Field was noted to have a high of 22% and cutoff 
limits of 8%. The trapping mechanism for the field is considered to be purely stratigraphic. Core 
D473 is in the northwestern part of Powell Field, and is incorporated in this study.  
Finley Draw field was discovered in 1979 targeting the Dakota Sandstone. The first well 
was a marginal Dakota producer, and did not produce from the Frontier Formation due to high 
cementation of the sediments. The Frontier Formation was first targeted in October of 1982 by 
Woods Petroleum Company. Porosities ranged from 10-20% and pay zones averaged a thickness 
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of eight feet. Core E123 is located in the southcentral part of the field (T40N R76W), and is used 
in this study. 
Sand Dunes Field was discovered in 1981 by Jerry Chambers Exploration. This field is 
located at the southern part of the study area (T37N R76W). Core E421 is located in the very 
northern part of Sand Dunes Field, and is incorporated in this study. Snake Charmer Draw was 
discovered in 1984 by Diamond Shamrock. The field lies within the middle of the study area. 
Cores D567 and D923 are used in this study and are located within Snake Charmer Draw (T38N 
R76W and T39N R76W).  
2.7 Current Production 
 Production in the study area has been increasing lately due to horizontal drilling. 
Horizontal drilling began in the area in the early 2000’s and is continuing to increase production. 
Vertical drilling has slowed down since horizontal drilling was introduced to the area with the 
last vertical well drilled in 2008 (Drilling Info). There are currently 36 horizontal wells in the 
area and 52 vertical wells targeting Frontier sandstones (Figure 2.6).  
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Figure 2.6 Map A displays vertical wells present in the study area. Map B represents 
horizontal wells starting from 2013 and include present horizontal wells. The bigger blue circles 
represent higher production, and the smaller circles represent lower production. Both maps 

















3.1 Core Observation and Methodology 
A total of six cores were viewed at the USGS CRC from the five different fields located 
within the study area. Cored intervals are all within the Wall Creek Member of the Frontier 
Formation, and will be referred to as the Wall Creek. Nine facies were identified and are 
described below based on grain size, sedimentary structures, ichnofauna and bioturbation 
intensity.  
3.1.1 Bioturbation and Ichnofacies 
 Bioturbation and ichnofacies are associated with various energy levels, sedimentation 
rates, salinity levels, and available oxygen content (Gingras et al., 2009). Each of these affect the 
trace fossil diversity and abundance in a given area, and are associated with available food for 
the ichnofauna. Ichnofauna thrive in various conditions, which makes observations from the 
cores useful for interpreting the depositional environments of the facies. Organisms can adjust to 
changing sedimentation rates, but to differing degrees (Taylor et al., 2003). For example, 
Macaronichnus are observed in the cores and can be identified in locations of higher 
sedimentations rates, while Thalassinoides are seen in areas with lower sedimentation rates. 
These sedimentation rates are associated with the ichnofauna observed in facies of each core and 
the interpreted depositional environment of those facies. Each trace fossil is suggested to be 
associated with a particular type of substrate where the organisms were adapted to living. For 
example, Planolites are associated with ‘soupground’ and can be seen in shale intervals after 
compaction, Chondrites can be found in ‘softground’, and Thalassinoides are associated with a 
‘stiffground’ (Taylor et al., 2003). In siliciclastics, ‘stiffground’ refers to a firm, but unlithified 
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substrate that had undergone compaction and dewatering during burial (Sadeque 2009). Sadeque 
(2009) also mentions that where primary sedimentary structures are destroyed, trace fossils 
provide the best evidence of the depositional environment. Erosional surfaces may be generated 
by subaerial exposure, and stiffground trace-makers occur in marine or marginal marine 
conditions (MacEachern et al., 1992). The presence of these stiffground suites represents a 
period of depositional hiatus in between events of erosion and deposition of the overlying strata. 
Bioturbation was observed and recorded with a bioturbation index (BI) from 0-6 with an index of 
0 representing no bioturbation observed, while an index of 6 represents complete bioturbation of 
the sediments seen in Figure 3.1 (MacEachern and Bann, 2008). Abundance and diversity of the 
trace fossils may also help determine the environments, energy levels, salinity levels, 
sedimentation rates and oxygen levels. After observing and recording the different trace fossils 
throughout the core, the classification of ichnofacies could be determined from Figure 3.2 from 
Seilacher (1954).  
 Merewether et al. (1976) identified twenty-four different fossil zones in the WIB of upper 
Cretaceous age that were observed in outcrops. The Wall Creek includes the sixteenth fossil zone 
recognized as Scaphites whitfieldi. This fossil zone is interpreted to be upper Turonian in age 
around 80 Ma. This zone is associated with the top of the Wall Creek where the contact between 
the Wall Creek and Carlile Shale is located (Merewether et al., 1976). They interpreted that the 
depositional environment of the Wall Creek is a deltaic shoreface environment containing an 




Figure 3.1 Key of bioturbation index and intensity on a scale from 0-6. Modified from 





Figure 3.2 Ichnofacies and associated ichnofauna ranging from the rocky coast to the abyssal 
zone (Seilacher, 1954). 
 
3.2 Key Stratigraphic Surfaces  
 After core analysis, four key surfaces were identified from the six cores within the study 
area. Key surfaces recognized are transgressive surfaces of erosion, major flooding surfaces, 
minor flooding surfaces, and minor erosional surfaces.  
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3.2.1 Transgressive Surface of Erosion 
     A regional erosional surface interpreted as a transgressive surface of erosion (TSE) is 
observed at the very top of the Wall Creek. This erosional event resulted in the truncation of the 
Wall Creek. At the top of the Wall Creek, coarse- to very coarse-grained sandstones can be 
observed, and are represented as a transgressive lag (Figure 3.3). There is an abrupt change from 
coarse sandstones to mudstone at this surface, and it can be observed in both open-hole logs and 
core. This can be seen in cores where mudstones overlie coarse-grained sandstones, and then 
identified in logs where there is a sharp increase in the gamma ray (GR) curve, representing the 
Carlile Shale. This can be correlated across the entire study area in core as well as different log 
signatures.  
 
Figure 3.3 Core photo from core E123 displaying the TSE (top blue line) and the 
transgressive lag (bottom blue line) at 12,618-12619 ft. core depth.  
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3.2.2 Flooding Surfaces  
 Flooding surfaces (FS) are interpreted to represent an increase of water depth within the 
subaqueous realm. Fine-grained sandstones mixed with shales overlying upward coarsening 
sequences represent flooding surfaces in the study area. Figure 3.4 displays a bioturbated muddy- 
to silty sandstone overlying a coarse-grained sandstone. Up to five flooding surfaces (FS) were 
identified in the study area within the Wall Creek. These FS were tied to GR log data in order to 
correlate the surfaces across the study area where GR increases at the contact. 
 
Figure 3.4 Core photo from CRC Library no. E123 displaying a FS at the top of an upward 
coarsening sequence at 12,641 ft. core depth. Finer-grained sandstones overlying coarser-grained 





3.2.3 Minor Flooding Surfaces 
   Minor flooding surfaces (MnFS) can be observed throughout the study area utilizing 
core. MnFS are observed in core where a scoured surface is represented by coarse-grained 
sandstones overlain by silty- to muddy mudstones (Figure 3.5). These surfaces represent a subtle 
deepening of sea-level, but are not represented by a large transgressive event such as the FS. 
 
Figure 3.5 Core photo from core D567 displaying a MnFS where shale or finer sandstones 




3.2.4 Minor Erosional Surfaces 
 Minor erosional surfaces (MnES) can also be observed throughout the cores described in 
this study. These were observed where coarse-grained sandstones are overlying fine-grained 
sandstones. (Figure 3.6 and Figure 3.7). These surfaces represent a period of non-deposition and 
scour where previously deposited sediments are slightly eroded away. 
 
Figure 3.6 Core photo from core E123 displaying a MnES where a lense of cleaner sands 





Figure 3.7 Core photo from core D714 displaying a MnES where coarse-grained sandstones 
are overlying very fine-grained sandstones and shales at 12,659 ft. core depth. 
 
3.2.5 Regressive Surface of Erosion 
A regressive surface of erosion (RSE) is present at the base of the Wall Creek where fine- 
grained muddy- to silty sandstones and shales of the lower Belle Fourche Member are overlain 
by coarse-grained sandstones of the Wall Creek. This surface can be correlated using well logs 
and is identified by an abrupt increase on the GR curve as well as a decrease in resistivity values 




3.3 Facies Descriptions 
 This section describes the facies observed in the Wall Creek from the six cores used in 
this study. XRD was provided for five out of the nine facies and will be discussed in the 
description of the facies where the data is included.  
3.3.1 Facies 1: Fine- to Medium-Grained Sandstone with Mud Rip-Up Clasts 
 Facies 1 is composed of a tan to light grey, fine- to medium-grained sandstone with 
abundant mud rip-up clasts (Figure 3.8). These clasts are commonly oriented parallel to bedding. 
Sedimentary structures observed throughout the facies include planar- to low-angle laminations, 
and some faint cross-stratification. The BI for this facies ranges from 0-1 with only Planolites 
observed within the mud clasts present. Planolites burrows are interpreted to burrow in the 
muddy sediments prior to becoming mud clasts. This facies is seen in three of the six cores 
examined. XRD was not included for this facies, but a high abundance of quartz was observed in 
the core. 
 
Figure 3.8 Facies 1, Fine- to medium-grained sandstone with mud rip-up clasts. Core D567 
at 12,476 ft. core depth. 
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3.3.2 Facies 2: Coarse- to Very Coarse-Grained Sandstone 
Facies 2 is composed of a grey, coarse- to very coarse-grained sandstone (Figure 3.9). 
This facies is typically observed at the very top of the Wall Creek Member representing the 
transgressive lag below the TSE. No observed bioturbation was present within Facies 2 (BI=0). 
Very few faint, low-angle laminations are present in this facies, but it is primarily structurless. 
Four of the six cores contain this coarse- to very coarse-grained sandstone. XRD data was not 
included for this facies. This facies contains a high abundance of quartz grains and plagioclase 
feldspar observed in core using a hand lense. 
         
 






3.3.3 Facies 3: Medium- to Lower Coarse-Grained Sandstone 
 Facies 3 is composed of a grey, medium- to lower coarse-grained sandstone (Figure 
3.10). This facies is mainly structureless, but some faint planar to low-angle laminations were 
observed. Two of the six cores contain this facies, and the core from well 27-1 Federal USA 
shows significant oil staining within Facies 3. Bioturbation index is low for this facies (BI = 0-1) 
with only Macaronichnus burrows observed. XRD was provided within facies 2 where there is 
67% quartz, 15% clays, 10% plagioclase, and 8% calcite. This facies contains the lowest 
percentage of clays of the five facies that had XRD analysis.  
                          




3.3.4 Facies 4: Fine- to Lower Medium-Grained Cross-Stratified Sandstone 
 Facies 4 is composed of a tan to grey, fine- to lower medium-grained cross-stratified 
sandstone (Figure 3.11). Structureless bedding was observed, but is less common than cross 
stratification and wavy bedding. Five out of the six cores contain this facies where it was 
observed to be in multiple sections of the cores. Bioturbation is low within this facies (BI = 0-1) 
with Macaronichnus burrows. XRD analysis of this facies shows: 59% quartz, 17% clays, 18% 
plagioclase, 3% calcite, and 3% siderite.  
                        





3.3.5 Facies 5: Very Fine- to Lower Fine-Grained Sandstone  
 Facies 5 is composed of a tan to grey, very fine- to lower fine-grained sandstone (Figure 
3.12). Planar- to low-angle laminations were observed throughout the facies. Facies 5 was 
observed in all six of the cores used in this study, and was present throughout entire sections of 
the cores. Bioturbation is slightly increased in this facies with a BI = 0-2. Ichnofauna include 
Macaronichnus, Ophiomorpha, and Skolithos. XRD was provided and averages for this facies 
was with 74% quartz, 21% clays, 3% plagioclase, and 2% calcite. Facies 5 contained the highest 
amount of quartz from the five facies including XRD data.  
                       




3.3.6 Facies 6: Muddy- to Silty Sandstone 
 Facies 6 is composed of a dark grey, muddy to silty sandstone (Figure 3.13). Faint planar- 
to low-angle laminations, wavy laminations, and scour surfaces were all observed in this facies 
from the cores. Only two of the six cores contain facies 6. Bioturbation increases slightly more in 
facies 6 with a BI = 0-3. Ichnofauna in this facies include Planolites, Arenicolites, Paleophycus, 
and Teichichnus. XRD was not included for this facies although an increase in clay content, and 
decrease in quartz and plagioclase was observed in core. 
                   




3.3.7 Facies 7: Silty to Sandy Mudstone 
 Facies 7 is composed of a dark grey to black, silty to sandy mudstone (Figure 3.14). Faint 
planar- to low-angle laminations, faint wavy and flaser laminations, and faint ripple laminations 
were all observed throughout facies 7. Facies 7 was observed in two of the six total cores used in 
this study. Bioturbation is lower in this facies (BI = 0-2) with Planolites and Skolithos burrows 
being present. XRD was not provided, but this facies contains the highest amount of mud, and 
lowest quartz content.  
                 




3.3.8 Facies 8: Bioturbated Silty- to Very Fine-Grained Sandstone 
 Facies 8 is composed of a grey, bioturbated silty- to very fine-grained sandstone (Figure 
3.15). Planar- to low-angle laminations, wavy and flaser laminations, and some scour surfaces 
are all present throughout this facies. Facies 8 was observed in four of the six cores. This facies 
contains the highest amount of bioturbation (BI = 3-5). Ichnofauna in this facies include 
Macaronichnus, Diplocraterion, Planolites, Skolithos, Thalassinoides, Asterosoma, 
Ophiomorpha, Paleophycus and Chondrites. XRD provided for this facies shows 51% quartz, 
26% clays, 14% plagioclase, 4% calcite, 2% dolomite, and 3% siderite.  
                        
Figure 3.15 Facies 8, Bioturbated silty- to very fine-grained sandstone. Core D714 at 12,651 
ft. core depth. Note Planolites burrows (white arrow), Paleophycus burrows (red arrow), 
Thalassinoides burrow (green arrow). 
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3.3.9 Facies 9: Bioturbated Sandy- to Silty Mudstone 
 Facies 9 is composed of a dark grey to black, bioturbated, silty- to sandy mudstone 
(Figure 3.16). Faint planar- to low-angle laminations, wavy and flaser laminations, ripple 
laminations, and scour surfaces were observed. Bioturbation is moderate within this facies (BI = 
2-4). Planolites, Skolithos, Thalassinoides, and Paleophycus are the ichnofauna present. The 
burrows from the ichnofauna appear to have been infilled with coarser sediment than the 
surrounding mud matrix. Facies 9 is only observed in core D714. XRD provided for Facies 9 
shows 48% quartz, 37% clays, 10% plagioclase, 2% calcite, 2% dolomite, and 1% pyrite.  
                                                      
Figure 3.16 Facies 9, Bioturbated sandy- to silty mudstone. Core D714 at 12,658 ft. core 




Each of the six cores were described and digitized for visual aid in EasyCore software, 
which can be found in the appendix. Core E123 from well 27-1 Federal USA is displayed below 
(Figure 3.17). This core represents the best visual for the TSE and transgressive lag present at the 
top of the Wall Creek. 
 
Figure 3.17 Digitized core description from core E123 using EasyCore software. The core 
location, facies percentages, ichnology key, and facies key are shown on the right side of the 




3.4 Facies Distribution 
 Facies percentages were calculated for each of the six cores (Figure 3.19). The entire 
Wall Creek was not cored in each location, therefore, some facies may be underrepresented in 
the core descriptions. 
 
Figure 3.18 Facies distribution across the study area from each of the six cores. Facies 1-9 are 





 Various trace fossils were found in the nine interpreted facies in the Wall Creek. The 
bioturbation index ranged from BI = 0-5 throughout the facies with facies 8 (BI = 3-5) having the 
highest diversity with up to ten trace fossils identified.  
 Trace fossils are associated with depositional environments and therefore are considered 
when making interpretations of depositional environments for each of the nine facies. The trace 
fossils identified are dominantly associated with the Cruziana and Skolithos ichnofacies, and 
suggest that the depositional environments are within the sandy shore to sublittoral zone. 
Although the Cruziana and Skolithos ichnofacies are the dominant ichnofacies, there are two 
trace fossils associated with the Teredolites and Glossifungites ichnofacies. The trace fossils 
identified include: Arenicolites, Asterosoma, Chondrites, Cylindrichnus, Diplocriterion, 
Macaronichnus, Ophiomorpha, Paleophycus, Phycosiphon, Planolites, Skolithos, Teichichnus, 
and Thalassinoides (Figures 3.19 and 3.20). The Skolithos ichnofacies is interpreted to be 
moderate to higher energy, and can be in a beach, foreshore, or shoreface environment 
(Seilacher, 1954). Seilacher, 1954 suggests that this ichnofacies typically has a low diversity of 
trace fossils, but can contain a high abundance of trace fossils. These feeders can consist of 
suspension feeders or passive carnivores. Seilacher (1954) concludes that the Cruziana 
ichnofacies is in a lower energy environment such as shallow marine settings. Diversity can be 
higher than the Skolithos ichnofacies, and can also have a high abundance of trace fossils. The 




















Figure 3.19 Core photos from study area showing examples of different ichnofauna observed 
in the Wall Creek. Ichnofauna labeled include Asterosoma (As), Thalassinoides (Th), 
Ophiomorpha (O), Macaronichnus (Ma), Arenicolites (Ar), Phycosiphon (Ph), Skolithos (Sk), 
Cylindrichnus (Cy), and Diplocraterion (Dp).  
 











Asterosoma and Thalassinoides 
burrows. Core E123. 
Ophiomorpha burrow. Core E421. Macaronichnus burrows. Core E123. 
Arenicolites and Phycosiphon 
burrows. Core E123. Vertical Cylindrichnus burrow. 
Core E123. 
Diplocraterion burrow present in heavily 
bioturbated sediments. Core D473 
1.5 foot Skolithos burrow. Core 
D923.  





Figure 3.20 Core photo from Core D714 at 12,645 ft. and 12,648 ft. core depths labeling 
examples of ichnofauna observed in the Wall Creek including Paleophycus (Pa), Chondrites 











3.6 Sedimentary Structures 
 Many different sedimentary structures were observed in the six cores used from the study 
area (Figure 3.21). Sedimentary structures can aid in interpretation of depositional processes, 
which can lead to the interpretations of depositional environments. The main processes 
responsible for the sedimentary structures in a marine environment include tides, storm events, 
and waves. Wave influenced processes make up most of the sedimentary structures present 
within the Wall Creek Member, and therefore, the depositional environment is represented by a 
wave-dominated delta front.  
 The presence of mud rip-up clasts suggests an erosive flow of suspended sediment 
flowed over a semi-lithified mud bed along the sea floor above wave or storm base. Different 
processes responsible for rip up clasts include strong storm currents, cyclic current activity, or 
wave influenced processes caused by strong storm events. Asymmetrical ripples present 
throughout the cores indicates the presence of tides, currents, or storm events. An abundance of 
cross stratification suggest strong wave-influence or storm currents. These currents have been 
interpreted to be sub-parallel to the coast (i.e., longshore currents) from north to south (Brenner 
1978; Tillman and Martinsen 1984). A high amount of planar- to low-angle laminations are 
present throughout the cores, and is indicative of wave dominated, or storm deposits. Mud 
drapes, flaser and wavy bedding also suggest wave-influenced processes, storm currents or 
possible tidal processes. 
 The dominance of wave associated structures suggests a wave-dominated delta front 
system. The abundance of clean sandstones also suggests that reworking during transgressive 




















Figure 3.21 Core photos of different sedimentary structures observed within the Wall Creek in 
the study area.  
 
 
Mud rip-up clasts and mud drapes 
in wavy bedding. Core D567. 
High-angle cross stratification with 
cementation. Core D714. 
Faint low-angle laminations 
present. Core D714. 
High-angle cross stratification with 
mud drapes along cross 
stratification. Core D567.  
Planar laminations. Core E123.  
Hummocky-cross stratification. Core 567.  
Wavy bedding with mud drapes. 
Core D567.
Mud drapes along ripple 
laminations. Core D714.  
Scour surface and wavy bedding. Core 
D714. 
Wavy and flaser bedding. Core D714.  
a b c 
d e f g 
h i j 
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3.7 Facies Summary 
 The facies described above have been organized into a table summarizing the facies, 
grain size, sedimentary structures, bioturbation index, and identified trace fossils. 
 
Table 3.1 Table of each of the nine facies and the associated grain size, sedimentary 
structures, bioturbation index, and observed trace fossils. 
Facies 
# 





1 Fine- to medium- 
grained sandstone with 




Planar- to low-angle 
laminations, faint 
cross stratification, 
mud rip ups, clay 
drapes 
0-1 Planolites 
2 Coarse- to very- coarse 
grained sandstone 
















4 Fine- to lower medium- 
grained cross-stratified 
sandstone 






5 Very fine- to lower fine-
grained sandstone 
Very fine- to 
lower fine-
grained 







6 Muddy to silty 
sandstone 
Mud to very 
fine-grained 








7 Silty to sandy mudstone Mud to very 
fine-grained 
Faint planar- to low-
angle laminations, 





8 Bioturbated silty- to 
very fine-grained 
sandstone 
Silty to very 
fine-grained 















9 Bioturbated silty- to 
sandy mudstone 
Mud- to very 
fine-grained 
Faint planar- to low 
angle laminations, 









3.8 Facies Associations  
 After observing core, sedimentary structures, identifying ichnofauna, and interpreting 
ichnofacies, depositional environments were interpreted. Each of the nine facies were assigned to 
one of three facies associations based on characteristics observed within the facies. Coarsening 
upward sequences such as the Wall Creek and are associated with a prograding deltaic 
environments. Merewether et al. (1976) notes that the rate of sedimentation most likely exceeded 
the rate of subsidence resulting in an eastward shift or progradation of the shoreline. The facies 
associations range from the delta front to the prodelta to offshore transition (Figure 3.22). 
3.8.1 Facies Association 1: Reworked Transgressive Deposits 
The surface that separates the Wall Creek and the overlying Carlile Shale is interpreted as 
a regionally correlative TSE. This surface can be identified in log signatures where the GR curve 
decreases downward in coarser, cleaner sandstones. Facies association 1 (FA1) includes facies 2 
and facies 3. Facies 2 and 3 contain the coarsest-grained sediments in each of the cores, and are 
typically located at the very top of the upward coarsening parasequences. The lack of fine-
grained silts and muds and the well-sorted character of the rocks suggests that they were 
reworked most likely by transgressive events. Core E123 best represents this reworked sand 
displaying the transgressive lag present at the top of the Wall Creek. Facies 3 in core E123 
represents the oil stained producing interval for the well and is observed farther down section 
from the transgressive lag. Macaronichnus was the only trace fossil present in this facies 





3.8.2 Facies Association 2: Delta Front  
Paleocurrent data from previous studies suggest a southerly flow for the delta front 
association (Brenner 1978; Tillman and Martinsen 1984). Facies 1, 4, and 5 are included in 
facies association 2 (FA2). These facies include planar- to low-angle laminations, wavy and 
flaser bedding, ripple laminations, mud rip-ups, scour surfaces, mud drapes, and some cross 
stratification. These sedimentary structures suggest wave-influenced or storm processes. This 
facies association includes a bioturbation index of (BI = 0-2). Low bioturbation along with scour 
surfaces, cross stratification and mud rip-ups suggests moderate to higher energy and 
depositional rates. This environment represents the zone above fairweather wave-base and the 
mean low tide level. 
3.8.3 Facies Association 3: Prodelta to Offshore 
The prodelta to offshore depositional environment is seaward of the delta front area 
where a higher amount of clay and silt sediments are deposited as they settle out of suspension. 
Facies association 3 (FA3) includes Facies 6, 7, 8 and 9, which are composed of a high amount 
of muds to very fine-grained sediments. These facies include wavy and flaser bedding possibly 
indicating some tidal influenced or traction current processes. Planar to low-angle laminations, 
scour surfaces, and ripples indicate wave-influenced or storm events. The BI ranges from 0-5 in 
this facies association with observed Planolites, Macaronichnus, Arenicolites, Chondrites, 
Thalassinoides, Cylindrichnus, Ophiomorpha, Diplocraterion, Skolithos, Thalassinoides and 
Paleophycus. Facies 8 contains the highest bioturbation index (BI = 3-5), and has been 
interpreted to have been deposited in the prodelta environment due to its higher sand content and 
bioturbation index. Many burrows within Facies 9 were infilled with coarser sediment than the 
surrounding mud matrix. Bhattacharya and MacEachern (2009) state that hyperpycnal flows 
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exist in the offshore transition where sediment rapidly falls out of suspension, and is deposited 
onto the sea-floor. After the mud is deposited in the system and bioturbation occurs, these 
hyperpycnal flows deposit sediment out of suspension infilling the burrows with coarser sands 
than the previously deposited muds (Bhattacharya and MacEachern, 2009). Facies 7 is composed 
of a higher mud content and has a BI = 0-2. The prodelta to offshore environment represents the 
fairweather wave-base into the storm wave-base.  
The facies associations are generally stacked vertically with the lowest energy FA3 at the 
bottom and highest energy FA1 at the top. This system is progradational and results in the 
stacked pattern as sediments are deposited seaward. FA1 and FA2 are interpreted to represent the 
best reservoir quality of the facies associations. These two associations contain less mud and clay 
content resulting in cleaner sandstones.   
3.9 Stratigraphic Correlations 
  A total of five flooding surfaces were identified in the well logs within the Wall Creek 
separating out five different sandstones. These flooding surfaces were identified in core and well 
logs using GR and resistivity logs where GR sharply decreases, and resistivity sharply increases 
at the tops of the upward-coarsening parasequences. Correlations display a thickening of the 
Wall Creek towards the middle of the study area near the basin axis. Flooding surfaces (MFS), 
minor erosional surfaces (MnES), and minor flooding surfaces (MnFS) were all marked in core 
photos provided by the USGS CRC (Figures 3.23 and 3.24). Packages within flooding surfaces 
represent the coarsening upward parasequences of the Wall Creek. A bentonite bed located 
above the Wall Creek was correlated across the study area, and served as the datum in the cross 
sections (Figure 3.25).  
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3.10 Log Correlation of Core Wells 
The six study cores were correlated across the study area in a general north to south 
direction (Figure 3.25). A total of five flooding surfaces within the Wall Creek were identified in 
the well logs. A bentonite bed above the upper Wall Creek was correlated for each of the wells 
and served as the datum in order to visualize the thickness of each of the Wall Creek sandstone 
from well to well. Each of these flooding surfaces separate the five sand packages observed 
within the Wall Creek. 
Figure 3.22 Profile of a wave-dominated delta, associated energy, wave and tide levels. 




Figure 3.23 Core D473 photos from 12,033 ft. to 12,092 ft. core depths displaying flooding 
surfaces (FS), and minor erosional surfaces (MnES) in the core. The first FS is the transgressive 
surface of erosion (TSE) in box 2 represents the very top of the Wall Creek overlain by the 
Carlile Shale. The second FS down section in box 5 represents the top of an upward- coarsening 
sequence and the start of the second sandstone. Note that box 1 represents the top of the core in 
this figure.  
 
 
Figure 3.24 Core E123 photos from 12,617 ft. to 12,685 ft. core depths displaying the top two 
FS along with two MnES, and two MnFS. The FS or TSE in box 2 represents the top of the Wall 
Creek overlain by the Carlile Shale. The FS in box 6 represents the top of the second sandstone. 







Figure 3.25 Wall Creek cross section from A-A’ created in PETRA software of wells 
including cores used for this study in a general north-south direction. The map in the upper right 
represents the base map of the cross section. The logs shown represent the GR curve. Each top 
under the bentonite datum represents a flooding surface separating out each of the five sand 



















 The previous cross section was divided into two different cross sections in order to better 
understand the depositional profile across the study area (Figure 3.26). The two cross sections 
were categorized into proximal cores and distal cores. Higher net-to-gross sandstones suggest a 
location more proximal to the source of sediments towards the west. The lower net-to-gross 
sandstones are more distal to the source and suggest progradation eastward due to the cleaner 
sands representing the upper sections of the different sandstones. 
Figure 3.26 Cross section (top) displaying proximal cores in study area due to higher net-to-
gross sands and are located in the delta front part of the delta. Cross section (bottom) displaying 
more distal cores within study area due to the lower net-to-gross sandstones and are located in 
the prodelta to offshore transition. Progradation towards the east is evident by the more distal 





4.1 Petrographic Analysis  
 Diagenesis plays an important role in the reservoir quality in the Wall Creek Member of 
the Frontier Formation. Two previous studies have been done in Spearhead Ranch Field by 
Tillman and Almon (1979) and Winn, Stonecipher and Bishop (1983). This study includes thin 
section analysis as well as FE-SEM analysis in order to understand the diagenetic features that 
have occurred in the Wall Creek. 
4.2 Previous Work 
 Tillman and Almon (1979) analyzed the diagenetic features of the upper Wall Creek in 
Spearhead Ranch Field. Their study focused on two major facies, a reworked sandstone facies, 
and a non-reworked sandstone facies. Tillman and Almon (1979) suggest that the reworked 
sandstone was deposited as offshore marine bars, and represent the main petroleum target facies 
throughout the field while the non-reworked facies have poor reservoir potential. Extensive 
petrographic work was performed in order to grasp the diagenesis that occurred in the field. The 
study included three slabbed cores from the field taken by Mountain Fuel Oil Company. These 
cores included the upper Wall Creek Member of the Frontier Formation, as well as the lower part 
of the Carlile shale, which is interpreted to serve as the stratigraphic seal. 
Five stages of diagenesis were interpreted from this study, and were suggested to occur 
sequentially (Figure 4.1). Formation of grain-coating chlorite rims was interpreted to be the first 
diagenetic process. The chlorite development was observed to be better developed in the coarser 
grained sediments as opposed to finer-grained sediments. Quartz cementation was interpreted to 
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occur after the development of chlorite rims. Within the finer-grained sediments where chlorite is 
less developed, it was observed that quartz cementation filled and destroyed the initial 
intergranular porosity. Feldspar leaching, and smectite/illite development was interpreted to be 
the third stage in the paragenetic sequence. The smectite/illite development was also observed 
around chlorite development in the reworked sandstone facies. The third stage was interpreted to 
affect the reworked sandstones as opposed to the non-reworked sandstones due to the high 
abundance of available pore space. Feldspar alteration occurred due to the high degree of access 
of pore fluids to the feldspar grains. In the non-reworked facies the feldspar grains showed minor 
alteration due to the lack of available porosity. The fourth stage of the diagenetic sequence was 
interpreted to be calcite cementation. Calcite cement was observed to precipitate in remaining 
available pore space, and therefore, destroy initial porosity. Hydrocarbon entrapment was 
interpreted as the last phase of the diagenetic sequence. This process favored the reworked 
sandstones where porosity and permeability still were present after earlier diagenetic stages. 
Tillman and Almon (1979) conclude that the diagenesis of the sandstones played an important 
role in the entrapment of hydrocarbons in the Wall Creek.  
Winn, Stonecipher and Bishop (1983) also analyzed the diagenetic features of the 
Frontier Formation within Spearhead Ranch Field. Tillman and Almon (1979) interpreted that 
the diagenetic processes were sequential, while Winn, Stonecipher and Bishop (1983) interpreted 
that many of these diagenetic processes overlapped in time. They were in agreement with 
Tillman and Almon (1979) that early chlorite development coats quartz grains resulting in higher 
preserved porosity and permeability values within coarser-grained sediments. However, their 
study concludes that chlorite rimming and quartz overgrowth occurred simultaneously. Their 
study concluded that not only was chlorite rimming present on quartz grains, but it was also 
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present on chert grains. Within the finer-grained sediments the chlorite was patchy on quartz 
grains, but was better developed on the chert grains. It was observed that in less porous and 
permeable zones in the finer-grained sediments, the quartz overgrowths formed at a faster rate 
than chlorite rims developed, possibly due to a lack of fluid flux. Another explanation from 
Winn, Stonecipher, and Bishop (1983) is that the chlorite formed only or better on certain 
mineral surfaces. They suggested that small amounts of intergranular clay along with chemical 
impurities in the chert grains may have enhanced chlorite formations compared to the 
monocrystalline quartz grains. Jonas and McBride (1977) and Winn and Smithwick (1980) 
suggest that quartz overgrowth is dependent on the abundance of monocrystalline quartz. A 
higher abundance of monocrystalline quartz results in a higher amount of quartz overgrowth and 
the destruction of initial porosity. Weaver and Pollard (1973) suggest that Fe-rich chlorite forms 
at low temperatures during early diagenesis, and Mg-rich chlorite forms at higher temperatures 
and during later diagenesis. Energy dispersive X-ray analysis from Boles and Franks (1979) 
indicate that chlorite present in Spearhead Ranch Field represents Fe-rich chlorite. They also 
note that dissolved biotite grains were the most likely source of ions for chlorite formation. 
Hayes (1979) interpreted that the alteration of these micas occurred during early diagenetic 
processes.  
Calcite precipitation was interpreted to be the next major diagenetic process to occur after 
chlorite formation, silica cementation, and feldspar dissolution. Calcite was observed to fill in 
pore space as cement as well as replacing grains as a result of dissolution such as plagioclase 
feldspars. Clays observed such as smectite/illite were interpreted to be detrital, and seen more in 
burrowed facies of the mudstones as opposed to chlorite being present in the cleaner, coarser 




Figure 4.1 Paragenetic sequences of reworked and non-reworked bar facies in Spearhead 




Figure 4.2 Diagenetic progression in the sandstones of the first sands of the Frontier 





4.3 Thin Section Analysis 
 A suite of 160 thin sections from the USGS CRC were provided for five of the six cores 
including cores D473, D714, D567, E123 and E421. All of the thin sections observed were taken 
from the upper Wall Creek Member, and none were observed from the lower Belle Fourche 
Member for this study. Thin sections are used in this study to aid the understanding of 
minerology, porosity, and diagenetic features occurring in the Wall Creek Member.  
 Major diagenetic features in the studied examples consist of chlorite coating of silica 
grains, quartz overgrowths, calcite cementation, and grain and cement dissolution. Based on 
petrographic observations these processes are interpreted to have occurred in sequence to one 
another. Clay coating is observed on both quartz and chert grains from thin section analysis. 
These observations support the findings of Jonas and McBride (1977) and Winn and Smithwick 
(1980) noting that quartz overgrowth is dependent on the abundance of monocrystalline quartz. 
Figure 4.3 displays high porosity due to the lack of quartz overgrowth due to the abundance of 
microcrystalline quartz, and chlorite coating. Chlorite is observed to serve a more important role 
in the coarser-grained sediments. Chlorite has been observed to be the dominate clay type within 
coarser-grained sediments in the upper parts of the coarsening upward sand packages. Some 
quartz grains are observed to have a patchy clay coating or dust rims, but quartz overgrowths are 
still present (Figure 4.4). Biotite grains are observed in the thin sections, but some of the biotite 
has dissolved in early diagenetic processes, possibly serving as the source for chlorite 
precipitation. As mentioned, Boles and Franks (1979) concluded that the dissolved biotite grains 
were the likely source of ions for chlorite formation. 
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 After chlorite rimming, quartz overgrowths and feldspar dissolution occurred, calcite 
cementation closely followed (Figures 4.5 and 4.6). Figure 4.6 displays the dissolution of 
feldspar, but there is also evidence of possible dissolution of the silica grains as a result of 
pressure solution. Figure 4.7 displays intergranular porosity along with indications of pressure 
solution of quartz grains. Most of the porosity present within the Wall Creek Member is 
classified as intergranular.  
 
Figure 4.3 Core E123 (12687.8 ft) displaying some preserved primary porosity along with 
possible secondary porosity from calcite dissolution from early calcite cementation (top). An 
abundance of chert grains seen in cross polar view (bottom) is suggested to aid prevention of 
quartz overgrowths.  
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Figure 4.4 Core D473 (12071.1 ft) thin section photo within facies 5 (plane light) displaying 
complete cementation of pore spaces by quartz overgrowth. Dust rims are present on quartz 












Figure 4.5 Core D714 (12514 ft) thin section photo within facies 3 (plane light) displaying 
quartz overgrowth, partial chlorite coating or dust rims, and partial dissolution of feldspar grains 














Figure 4.6 Core D567 (12359 ft) thin section photo within facies 2 (plane light) displaying 















Figure 4.7 Core E123 (12631 ft) thin section photo within facies 5 (plane light) displaying 
quartz grains with partial chlorite rims, and possibly complete dissolution of calcite cement 
creating secondary porosity. Note pressure solution of quartz grains (black arrows). 
 
Calcite observed in thin sections is present as cement, and grain replacement. Calcite is 
observed to be more prevalent in the coarser-grained sediments as cement due to initial porosity 
being preserved by the chlorite coating of quartz grains. The higher initial porosity and 
permeability allowed space for calcite to precipitate, which destroyed initial porosity. The calcite 
precipitation is interpreted to be closely related in time with pressure solution and feldspar 







Figure 4.8 displays calcite cementation and grain replacement of feldspar grains, suggesting a 
close time relation because the feldspars are not completely dissolved. Figure 4.9 displays 
evidence that feldspar dissolution occurred before calcite precipitation although not all dissolved 
grains were replaced by calcite, meaning some of the secondary porosity was preserved. 
Figure 4.8 Core D567 (12485 ft) thin section photo within facies 4 (plane light) displaying a 
high amount of calcite cement (stained red) and replacement of feldspars after dissolution. Note 









Figure 4.9 Core E421 (11790.8 ft) thin section photo within facies 4 (plane light) displaying 
calcite cementation (stained red) filling pore space, and partial dissolution of quartz and feldspar 
with some calcite replacement. 
  
Late stage diagenetic processes include calcite dissolution and hydrocarbon formation 
and migration into the formation. The dissolution of calcite played a very important role in the 
Wall Creek by enhancing porosity of the reservoir by creating secondary porosity (Figure 4.10 
and Figure 4.11). This is observed especially in coarser-grained sandstones within the Wall 
Creek where calcite cementation is more abundant. The creation of secondary porosity allowed 






 Compaction of sediments occurred throughout the diagenetic processes, but is interpreted 
to have had more of an effect in the finer-grained, clay-rich sandstones and mudstones. 
Sandstones containing high calcite or silica cementation have a more stable framework and have 
not been affected by compaction as much compared to the clay-rich sediments. Since the highly 
cemented sediments have not been as compacted, after calcite dissolution occurs, these 
sediments provide the highest porosity and permeability values in the Wall Creek Member.   






Figure 4.11 Core D567 (12372 ft) displaying partial calcite replacement of feldspar, and 
calcite dissolution around the edges of the grain occurring later in diagenesis. 
 
4.4 FE-SEM Analysis 
 Samples from the Wall Creek Member were observed in the field emission scanning 
electron microscope (FE-SEM) located at the Colorado School of Mines in order to examine clay 
types, minerology, and to acquire photos of chlorite coating. Samples from three of the six cores 
were examined for FE-SEM analysis. Two samples were examined from core E123 (facies 3 and 
4), one sample from D473 (facies 5) and one sample from D923 (facies 2). Previous work as 
well as work mentioned in this study from thin sections aid in the interpretation that the cleaner 








The chlorite rimming on grains plays an important role in preserving initial porosity 
throughout the sediments of the Wall Creek Member. Figure 4.12 displays chlorite platelets 
rimming a quartz grain, which prevented quartz overgrowths from occurring. Chlorite does not 
coat every grain within coarser-grained sediments, and where the chlorite is not present quartz 
overgrowths were more abundant (Figure 4.13). Some images display apparent plucked grains, 
leaving a patch where dense chlorite rimming stops (Figure 4.14). Figure 4.15 displays two areas 
where a plucked grain and a euhedral quartz grain formed where pore space was present. Based 
on observations in thin sections and FE-SEM analysis the chlorite coating preceded quartz 
overgrowths.  
Pressure solution causing some quartz dissolution can be seen in both thin section 
analysis and FE-SEM analysis. Due to high pressures and high stresses, the quartz grains 
underwent pressure dissolution at certain high stress points due to grain-to-grain contacts. Figure 
4.16 displays the surface of a quartz grain after the effect of pressure solution. Nodules of quartz 
and depressions within the grain are a result of the high stress pressure solution (Pittman, 1972).  
Authigenic clays are interpreted to form after the formation of chlorite and quartz 
overgrowth, but before calcite dissolution and hydrocarbon migration. Illite-smectite, and 
kaolinite are clay types present as identified by XRD analysis. From XRD analysis in this study, 
clay content increases within finer-grained sediments. Facies with XRD data includes Facies 3 
containing 15% clay, and in the finer-grained Facies 9 there is 36.5% clay content. From Facies 
3 to Facies 9, the XRD shows an increase in clay content for each of the facies. Some 
intergranular illite-smectite formed in coarser-grained sediments and were observed in FE-SEM 
analysis. Figure 4.17 displays illite-smectite present in core E123 within facies 3. Figure 4.18 
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displays kaolinite within Facies 4 from core E123 (12642 ft) as more clays are present in the 
fine-grained facies.  









Figure 4.13 Core E123 (12642 ft) displaying chlorite coating quartz grains. Euhedral quartz 










Figure 4.14 Core E123 (12642 ft) where dense chlorite coating prevents quartz overgrowth. 








Figure 4.15 Core E123 (12642 ft) displaying chlorite coating and two areas where grains have 
















Figure 4.16 Core D923 (12393.2 ft) within facies 2 displaying a quartz grain affected by 
pressure solution. Note the small nodules of quartz along with depressions along the grain. This 






Figure 4.17 Core E123 (12681.5 ft) displays authigenic intergranular illite-smectite. 
 
 
Figure 4.18 Core E123 (12642 ft) displays authigenic intergranular kaolinite. 
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4.5 Diagenesis Summary  
 Diagenesis affected all of the sandstones in the Wall Creek Member to some degree. The 
coarser sediments have been interpreted to be affected by diagenesis to a greater degree than the 
fine-grained sandstones. Chlorite coating, quartz overgrowths, calcite precipitation and 
dissolution of grains are all present more abundantly in coarser-grained sediments. Fluid flux 
causes many of these diagenetic phases, which occurs in sediments containing higher initial 
porosity and permeability. Finer-grained sediments have been more affected by compaction due 
to the higher percentage of clays. Porosity and permeability are destroyed due to compaction 
within the finer-grained facies. Calcite and silica cementation prevents compaction to have such 
an effect on the coarser-grained sandstones. The cementation prevents compaction, but destroys 
porosity unless dissolved later in diagenesis. 
Overall, there are two main phases that enhance porosity and permeability values within 
the Wall Creek Member. The first main phase is chlorite rimming, which occurred early in 
diagenesis and preserved some initial porosity. Overgrowths were prevented where dense 
chlorite coating was present. In areas with patchy chlorite coatings, or areas where chlorite is 
absent, quartz overgrowths are prevalent, resulting in increased cementation. The other important 
diagenetic phase that enhanced porosity and permeability was calcite dissolution, which occurred 
late in diagenesis. This process created secondary porosity and in combination with previously 
preserved intergranular porosity allowed space for hydrocarbons to migrate into the sandstones.  
Figure 4.19 displays the order of the interpreted post-depositional diagenetic processes occurring 
throughout time. The coarser-grained sandstones provide better reservoirs within the Wall Creek 












CHAPTER 5  
RESERVOIR CHARACTERIZATION 
5.1 Reservoir Quality 
 For this study, porosity and permeability are considered as the two main characteristics 
that determine reservoir quality. Primary depositional facies/environments and diagenetic 
features of the Wall Creek Member of the Frontier Sandstone played important roles in the 
development and preservation of porosity and permeability as mentioned in chapters three and 
four. This chapter identifies reservoir targets using provided porosity and permeability data, 
gamma ray (GR), density porosity (DPHI), and resistivity (ILD) curves. 
5.2. Porosity and Permeability 
Porosity and permeability measurements from core were provided for two of the six wells 
used for this study. The porosity and permeability data calculated with Boyle’s Law covers 
facies 1, and reservoir facies 2, 4, and 5 with a total of 112 data points (Figure 5.1). Facies 1 
contains 30 data points with an average porosity of 6.65% and average permeability of 0.117 
mD. Facies 2 contains three data points with an average of 5.77% and an average permeability of 
0.75 mD. Facies 4 contains 41 data points with an average of 6.54% and an average permeability 
of 0.097 mD. Facies 5 contains 37 data points with an average porosity of 5.28% and an average 
permeability of 0.12 mD. No data is available for the non-reservoir facies 3, 6, 7, 8, and 9 from 
the six wells studied. 
Grain sizes in the Wall Creek Member range from silty to very coarse-grained 
sandstones. Silty to very fine-grained sandstones along with mudstones were more affected by 
compaction after deposition due to the high amounts of clays. The medium and coarse-grained 
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sandstones experienced some possible early calcite cementation as well as grain-to-grain 
contacts of quartz and are not affected to a high degree by compaction. Preservation of primary 
intergranular porosity due to grain coating chlorite and late dissolution of cements resulted in 
higher porosity and permeability values in the less bioturbated and coarser-grained sandstones.  
5.3 Reservoir Targets 
 Gamma ray, density porosity, and resistivity curves from wells containing cores 
incorporated in this study were evaluated for reservoir intervals using Strater software. Five of 
the six wells contain all three curves. A cutoff of six percent was used for the porosity curve to 
evaluate reservoir potential. Sandstones affected by chlorite rims and dissolution during 
diagenesis display high porosity and resistivity values, and low gamma ray values. Reservoir 
targets from each of the five wells were identified using the log curves and cutoff values. These 
reservoir facies are comprised of facies 2, 3, 4, and 5.  
 Facies 2, 4 and 5 are present in the cored interval from core D923 from the Barton State 
Ranch well in Snake Charmer Draw Field (Figure 5.2). This cored interval represents the top of 
the Wall Creek and represents the first sandstone. Potential reservoir units within the core were 
identified using the gamma ray, porosity, and resistivity curves. The resistivity curves contain 
sharp increases and are interpreted to be intervals where chlorite rims and/or calcite cement 
dissolution results in higher porosity and permeability values.  
 Facies 4, 5, and 8 were observed in core D473 from the 12-13 Moore Ranch well from 
Powell Field (Figure 5.3). The cored interval contains the first sandstone at the top of the Wall 
Creek. Facies 4 and 5 were identified as reservoir units due to high porosity values, increases in 
resistivity and decreases in gamma ray.  
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 Facies 1, 2, 4, 5, 6, and 7 were all observed in core D576 from the 23-14 JT Federal well 
in Snake Charmer Draw Field (Figure 5.4). This core contains the very uppermost part of the 
first sandstone. A second cored interval contains sandstones three and four. Facies 2, 4 and 5 
have been interpreted as reservoir facies for this well. The reservoir targets for this well are much 
smaller intervals compared to the other wells. The 23-14 JT Federal well is composed of more 
interbedded facies than any of the other cores. There is about a 90 foot interval of missing core 
for this well. 
 Facies 2, 3, 4, 5, 6, 8, and 9 are all observed in core D714 from the 1-26 Federal 405 well 
in Spearhead Ranch Field (Figure 5.5). This cored interval contains the first and second 
sandstones of the Wall Creek. Facies 3, 4, and 5 were interpreted as reservoir facies for this well. 
The top of the first sandstone was perforated in this well containing Facies 3 and 4 with the 
highest porosity and resistivity values in the entire core.  
 Facies 1, 2, 3, 4, 5, and 8 are observed in core E123 from the 27-1 Federal USA well 
from Finley Draw Field (Figure 5.6). This cored interval includes the first, second, and third 
sandstones of the Wall Creek. Facies 2, 3, and 5 were interpreted as reservoir targets for this 
well. The oil stained third sandstone was perforated in this well with initial production of over 
570 barrels of oil per day (BPD) and 1,740 million cubic feet of gas per day (MCFD).  
 The 32-36 Blue Hills State well did not contain a porosity curve and was not included in 
the figures using Strater software. This entire well of the Wall Creek was perforated despite 
containing higher gamma ray values than the other cores. Core E421 contains facies 1, 4, 5, 7, 




Figure 5.1 Porosity vs permeability chart for facies 1, 2, 4, and 5. Data points are from 23-14 
JT Federal and 32-36 Blue Hills State. Values range from sub-micropore to mesopores 
representing lower porosity and permeability values due to the depth of the Wall Creek in the 





Figure 5.2 Core D923 from well 23-36 Barton State Ranch including gamma ray, porosity 
(6% cutoff), and resistivity curves. The location is represented by the red star on the map of the 
study area with producing fields highlighted in yellow. Target intervals are shaded in green with 




Figure 5.3 Core D473 from well 12-13 Moore Ranch including gamma ray, porosity (6% 
cutoff), and resistivity curves. The location is represented by the red star on the map of the study 
area with producing fields highlighted in yellow. Target intervals are shaded in green with 
reservoir facies represented by the gold stars. 
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Figure 5.4 Core D576 from well 23-14 JT Federal including gamma ray, porosity (6% 
cutoff), and resistivity curves. The location is represented by the red star on the map of the study 
area with producing fields highlighted in yellow. Target intervals are shaded in green with 




Figure 5.5 Core D714 from well 1-26 Federal 405 including gamma ray, porosity (6% 
cutoff), and resistivity curves. The location is represented by the red star on the map of the study 
area with producing fields highlighted in yellow. Target intervals are shaded in green with 









Figure 5.6 Core E123 from well 27-1 Federal USA including gamma ray, porosity (6% 
cutoff), and resistivity curves. The location is represented by the red star on the map of the study 
area with producing fields highlighted in yellow. Target intervals are shaded in green with 











5.4 Mowry Shale and Pressure 
 The Mowry Shale represents the main source rock for the Frontier Formation. The 
Mowry within the study area lies within the late oil window with Ro values around 1.0-1.1 
(Modica and Lapierre, 2012) (Figure 5.7). Gas production exceeds oil production within the 
study area from the Frontier Formation. The southern part of the basin is overpressured with 
pressures around 0.55-0.6 psi/ft. Mature source rock along with overpressured zones are the 
driving forces for production in the basin. 
Figure 5.7 Maturity map of the Mowry Shale in the Powder River Basin. The red box 
represents the study area. Modified from Modica and Lapierre (2012). 
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5.5 Mapping  
 Maps were generated for the Wall Creek using 61 wells within the study area of 
northwest Converse County. An isopach map and porosity map were generated for the entire 
Wall Creek interval. All 61 wells were incorporated to generate the isopach maps. Porosity maps 
were also generated in the study area using 12 wells that included porosity logs. These maps 
integrate thickness of the Wall Creek Member as well as the thickness of the Wall Creek where 
porosity exceeds six percent, and aid the understanding of reservoir quality throughout the study 
area. 
The Wall Creek interval thickens towards the southwest part of the study area (Figure 
5.8). Figure 5.9 includes a gross interval isopach map and net porosity thickness map of the 
entire Wall Creek interval in northwest Converse County. Isopach maps and porosity maps of the 
five individual sandstones can be found in the appendix. Porosity maps display net pay of 
sandstones that contain porosity of six percent or greater. Although the Wall Creek thickens to 
the southwest, the net porosity thickness is observed to thicken towards the middle of the study 
area as well as to the northeast where porous sandstones are better developed. Current production 
is scattered across the study area (Figure 5.10).  
5.6 Production 
 Historical production of the formation has increased from the late 1900’s to present day 
production (Figure 5.10). Over 50% of the production in the study area comes from Finley Draw 
and Snake Charmer Draw from the center and northwest parts of the study area. Horizontal 




Figure 5.8 Cross section from southwest to northeast across the study area. Gamma ray, resistivity, and porosity (6% cutoff) 












Figure 5.9 Map A represents an isopach of the entire Wall Creek interval within the study 
area. The contour interval is 20 feet. A general thickening to the southwest is observed. Map B 
represents thickness of the Wall Creek containing porosity greater than 6%. The contour interval 
for this map is 10 feet. Thickening in the middle of the study area as well as the northeastern part 




Figure 5.10 Historical production chart of the Frontier Formation within the study area of 
northwest Converse County. There has been an overall increase in production, and is forecasted 
to continue to increase in the future. The map below the chart represents current wells within the 
study area targeting the Frontier sandstones. The map on the left represents vertical wells, and 
the map on the right represents horizontal wells. The bigger blue circles represent higher 
production from first 6 month BOE. Horizontal drilling in the area became a focus starting 




 Reworked transgressive deposits and delta front sandstones are the preferred Wall Creek 
reservoir facies in northwest Converse County. The reservoir facies include facies 2, 3, 4, and 5. 
The reworked transgressive deposits (FA1) include potential reservoir facies 2 and 3, while the 
delta front sandstones (FA2) include potential reservoir facies 4 and 5. These sandstones range 
from 0-3 on the bioturbation index and contain higher porosity and permeability values than the 
silty sandstones and mudstones in the prodelta to offshore transition. These facies are typically 
observed from the middle to the tops of each of the five coarsening-upward sandstone packages. 
The cleaner sandstones associated with larger grain sizes are also affected by diagenesis in a 
positive way. The chlorite coating, feldspar dissolution, and calcite dissolution are all observed 
more in these cleaner sandstones opposed to the mud and clay-rich facies. The larger grain sizes 
are associated with more available pore spaces allowing fluids to move through the sediments 
and allow for the diagenetic processes to occur. These facies should be considered as primary 











CONCLUSIONS & FUTURE WORK 
 
6.1 Conclusions 
1) Nine total facies were established from core analysis by grain size, bioturbation and 
sedimentary structures.  
2) Provided XRD data shows an overall increase in clay content from Facies 1 to Facies 9.  
3) The Wall Creek was deposited in a wave-dominated delta front system.  
4) Three facies associations were interpreted: reworked transgressive deposits, delta front, 
and the prodelta to offshore transition. The reworked transgressive deposits, and delta 
front deposits contain reservoir target facies. 
5) Five flooding surfaces resulting in five separate sandstones were interpreted from various 
log signatures, core analysis, and petrographic analysis.  
6) An overall thickening to the southwest is observed for the Wall Creek within the study   
area.  
7) Facies 2, 3, 4, and 5 are interpreted as reservoir facies for the Wall Creek. Core analysis, 
thin section analysis, and FE-SEM analysis all display better reservoir quality in the 
coarser-grained, less bioturbated sandstones.  
8) Reservoir quality is influenced by grain size, bioturbation intensity, sedimentary 
structures, and diagenetic features. Diagenesis affected coarser-grained sandstones the 
most and resulted in a higher amount of primary and secondary porosity and 
permeability.  
9) Early chlorite coating of silica grains and late dissolution of calcite cement resulted in the 
highest porosity and permeability values in the Wall Creek sandstones.  
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6.2 Future Work 
1) Collect more XRD data throughout the cores taken from Converse County. Having more 
data would help understand the facies in greater detail. 
2) Collect cores including the entire Wall Creek interval, which would help to understand 
the facies changes and parasequences throughout the entire interval; create more detailed 
facies and paleogeographic maps. 
3) Incorporate a diagenetic study in greater detail for the Wall Creek Member. Diagenesis is 
very important for reservoir quality. Analyzing more thin sections and including more 
FE-SEM analysis would help to understand the overall diagenetic events more 
thoroughly. Possibly identifying diagenetic traps in the Wall Creek where porous 
sandstones are overlain by calcite cemented sandstones that serve as a local seal. 
4) Obtain more porosity and permeability data throughout Converse County. More data 
would improve map quality, facies analysis, and help identify reservoir facies in greater 
detail; integrate data/maps to better understand the relationship between primary 
depositional facies and post-depositional diagenetic preservation or destruction of 
porosity. 
5) Map pressure and production data; integrate with Mowry and Niobrara maturity maps.  
6) Create 1-D and 2-D basin models to refine timing of oil and gas migration, relating to 
diagenetic sequence. 
7) Analyze recent horizontal well drilling, completion and production trends to better define 
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Figure A. 2 Core description, facies, and bioturbation index of the 12-13 Moore Ranch well 




























Figure A. 6 Map A with a contour interval (CI = 5 ft.) represents an isopach map of the first 
(uppermost) sandstone in the Wall Creek Member. Map B represents the total thickness where 




Figure A. 7 Map A with a contour interval (CI = 10 ft.) represents an isopach map of the second 
sandstone in the Wall Creek Member. Map B represents the total thickness where porosity is 6% 






Figure A. 8 Map A with a contour interval (CI = 10 ft.) represents an isopach map of the third 
sandstone in the Wall Creek Member. Map B represents the total thickness where porosity is 6% 






Figure A. 9 Map A with a contour interval (CI = 10 ft.) represents an isopach map of the fourth 
sandstone in the Wall Creek Member. Map B represents the total thickness where porosity is 6% 






Figure A. 10 Map A with a contour interval (CI = 10 ft.) represents an isopach map of the fifth 
(lowermost) sandstone in the Wall Creek Member. Map B represents the total thickness where 
porosity is 6% or greater (CI = 2 ft.). 
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